Nuclear and membrane expression of the angiogenesis regulator delta-like ligand 4 (DLL4) in normal and malignant human tissues.
Delta-like ligand 4 (DLL4) is one of five known Notch ligands in mammals and interacts predominantly with Notch 1. DLL4 is induced by vascular endothelial growth factor (VEGF) and acts downstream of VEGF as a 'brake' on VEGF-induced vessel growth, forming an autoregulatory negative feedback loop inactivating VEGF. This action was believed to occur only in vascular development, raising hopes that DLL4 could be a specific drug target for controlling vessel growth in tumours and other pathological conditions. Our aim was to pursue this by raising a monoclonal antibody to the internal domain of DLL4 and assess its distribution in normal and malignant tissues in comparison with antibodies against the external domain of DLL4. The anti-DLL4 monoclonal antibody was raised using conventional mouse hybridoma techniques. The antibody has been fully characterized by Western blotting and transfectant immunostaining. It has also been comprehensively compared with other antibodies against both the internal and external domains of DLL4. The antigen is widely expressed on human tissues not only on endothelium but also on epithelium and stromal cells. Indeed, in our comprehensive survey only pulmonary alveoli failed to express DLL4. Of a wide range of malignancies, most also expressed DLL4 on tumour cells with a predominantly cytoplasmic pattern, although a number also displayed nuclear positivity. Contrary to previous beliefs, DLL4 is widely distributed in tissues other than vessels including many malignancies. Furthermore, the molecule is internalized on binding its receptor and often transported to the nucleus. These findings raise many interesting possibilities for further study of DLL4 and its potential as a therapeutic target.